A small telemetry device, called a "vocalight," was designed for attachment to a dolphin's head using a suction cup. The vocalight lights up a variable number of light-emitting diodes depending upon the loudness of sounds received at a hydrophone within the suction cup. If vocalights matched for sensitivity are put on each dolphin within a captive group, observers can identify which dolphin produces a vocali?ation. Use of vocalights indicates that source levels of whistles from captive bottlenosed dolphins, Tursiops truncatus, range from approximately 125 to over 140 dBre: 1 pPa at 1 m.
INTRODUCTION
A primary obstacle to progress in the study of dolphin communication has been the inability of researchers to determine which animal produces a vocalization within a socially interacting group. Dolphins occasionally emit a stream of bubbles while vocalizing, or make sounds audible in air. When observers can see the bubble stream or hear and localize a dolphin sound in air, they can often identify the souffle. But these events do not occur frequently enough to allow systematic analysis.
Several investigators have attempted to study communication between isolated captive dolphins using an electronic acoustic link between two pools (Lang and Smith, 1965; Burdin et al., 1975; Gish, 1979}. But this approach does not completely solve the problem, for the isolated dolphins are able to interact only acoustically, and the electronic reproduction of dolphin sounds may be discriminably different from natural sounds.
The need for a technique to determine which animal produces which sound during normal social interaction has been discussed for over two decades. One obvious solution to the problem is to use a telemetry device to transmit information about sound production from each dolphin in the pool. Evans and Sutherland (1963) proposed the development of a 27-MHz radio telemetry device to broadcast sounds from a dolphin's head. This technique is limited to applications where the antenna remains above water, for the conductivity of seawater limits electromagnetic transmission, with losses increasing with frequency (Mackay, 1968).
The use of sound for underwater telemetry is common, since sound has favorable propagation characteristics un- The vocalights were used to define the whistle repertoires of the two Tursiops held at Sealand (for a detailed description of the results of this study, see Tyack, in press). In order to determine which of the two dolphins produced a whistle, the vocalights were adjusted to have identical sensitivity. To help identify the dolphins, red LEDs were used for one vocalight, and green for the other. Dolphin sounds were picked up by a hydrophone in the pool and broadcast in air to observers around the pool, who carefully waW. hed the vocalight nearest them. If both dolphins were nearby, one observer could sometimes follow both devices, but several observers at different locations were usually required to keep both devices under observation. When a whistle was produced, the observer called out an estimate of the number and color of the LEDS that lit up. If a whistle was heard but observers did not see any LEDS light up, they called out that none of the color of the LEDs on that device lit up. Ifthey could not see any devices clearly, they remained silent. These comments were recorded with a microphone on a second channel of the same tape that recorded the underwater dolphin sounds.
It was seldom difficult to associate observers' comments with one whistle, unless both dolphins produced simultaneous sounds. While the loudness of the whistles varied, the 30-dB range of the vocalight was usually sufficient to identify which animal had whistled. The vocalights were adjusted to turn on several LEDs even for relatively faint whistles. Observers never reported that neither device lit up when a whistle was heard. But occasionally when very loud whistles were heard, and both dolphins were separated by only approximately I m, both devices lit up fully, making it impossible to identify which animal produced the whistle.
III. DISCUSSION
Since the vocalight is calibrated for sound level, it may be used to estimate the source level of whistles from captive Tursiops, with several caveats. For a rough estimate, let us assume that the problems of nearfield interference effects and sound directionality would not lead to significant differences in measured levels. There are few reports on the source levels of Tu•siops whistles. Fish and Turl {1976) measured the maximum levels at different frequencies of a sample of whistles from a group of approximately ten wild Tursiops. Maximum levels were measured by using a peak hold mode on a real-time spectrum analyzer. These levels ranged from 150-173 dB re: I pPa at 1 m, which is consistent with the result reported in this paper that whistles exceeded levels of 140 dB. Use of the vocalight shows that Tursiops can modify the levels of their whisfies over a large dynamic range. This point is also made by Watkins and Scbevill {1974), who measured source levels of whisties from wild spinner dolphins, Stenella 1ongirostris, varying from 109-125 dB re: l/•Pa at 1 m.
While the vocalight has only been used with captive dolphins, it might be used with wild dolphins in an application where observers could stay near a few individuals and where water visibility was good. The most serious problem would be attachment of the device. Attachment would be simplest if one could catch and restrain a dolphin, attach the device by hand, and then free the animal. It might also be possible to attach the device to dolphins near a boat, using poles or a small projectile like the suction cup-tipped arrows used by Goodyear {1981) to attach suction cups to baleen whales.
